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Met hod and arrangement for determining the operating frequencies of b ase 
stations of an internal network ^ 



The invention relates to redetermining the operating frequencies of base stations of a 
5 cellular radio network installed indoors, when the operating conditions of the 
internal network have changed from the previous situation. 

Here an internal network means a cellular radio network or a part of a cellular radio 
network implemented indoors or in an otherwise restricted area. Here an external 
network means another cellular radio network or a part of a cellular radio network 
10 detected in the area of the internal network. 

A problem with the known solutions is the fact that measurements have to be carried 
out again when changes have taken place in the operating frequencies of the base 
stations in the environment. This change causes a change of the spurious 
frequencies in the internal network, which may cause a deterioration in the quality 
15 of the connections of the internal network. 

In addition, the need for a measuring device with sufficiently high capacity for 
performing a quick and accurate frequency scanning, due to the width of the 
frequency band to be measured, is a problem with the prior art solutions. 

A known prior art publication number EP 0 716 555 A2 exists in which each base 
20 station of a cellular radio system performs repeated measurements on interference 
levels and selects into use such channels where the level of measured interference is 
low. Another known prior ait publication number US 5,475,869 introduces an 
arrangement where also measurements describing interference from external 
networks are taken into account during channel allocation. 

25 It is an objective of the invention to present a new, more advantageous solution for 
determining the operating frequencies of the base stations of the internal network 
and a method, which enables redetermination of the frequencies of the internal 
network without a new measurement of the interference level. 

The invention relates to a method for redetermining the operating frequencies of the 
30 base stations of an internal network, when the operating conditions of the internal 
network have changed. The characteristic features of the method according to the 
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invention are recited in the characterising portion of the independent claim directed 
to a method. 

Here a change in the operating conditions of the internal network means at least an 
increase or decrease of base stations of the external network, changing of the 
5 operating frequencies and/or transmission powers and a change in the propagation 
of radio waves caused by external conditions. 

The invention also relates to an arrangement for redetermining the operating 
frequencies of the base stations of an internal network, which have earlier been 
determined by frequency measurement, when the operating conditions of the 
10 internal network have changed. The characteristic features of the arrangement 
according to the invention are recited in the characterising portion of the 
independent claim directed to an arrangement. 

A special device for measuring interfering frequencies in order to find suitable 
frequencies inside a building according to a secret patent application FI 981491 
(Configuration method for a base station) of the same applicant is preferably used in 
the frequency measurement. The device is used to measure the intensity of the 
interference level at the frequencies used by the cellular network. The device is 
moved in the building in the desired area of the internal network for finding free 
frequencies. On the basis of the measurement, operating frequencies with a lower 
interference level than the required field strength are charted for the base stations. 

The spurious frequency spectrum is measured once in the area of the internal 
network, e.g. inside a building, plant area etc. for finding the frequency restrictions 
caused by the radio transmission of the external network to the internal network. 
The measurement data are transferred from the measuring device preferably by a 
25 data call to the Network Management System (NMS). The measuring device is then 
preferably a special mobile station adapted for use in measurements. At first, the 
frequencies of the base stations of the internal network are selected on the basis of 
the measurement. The external network may later start interfering with the internal 
network strongly, if a frequency already being used in the internal network is taken 
30 into use in a base station of the external network near the internal network. 
According to the invention, the original measurement and the frequency plans of the 
external network are used in the new planning of the frequencies of the internal 
network. Thus the area of the internal network need not be visited again for a new 
measurement. 
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The method functions especially well if it has been possible to measure and save 
during the measurement the cell information of radio transmissions of external cells 
that can be heard in the area of the internal network. If one of the frequencies being 
used in the internal network is given to a cell of the external network detected in the 
measurement, it is known for certain that the frequency of the base station of the 
internal network must be changed. 

In addition, the frequencies selected for the use pf the internal network can be 
checked after the selection by the measurement of the reception level and the 
Carrier/Interference ratio. This is preferably performed by a measuring device 
according to the invention. 

Pref e rred embodimen t s of the invention a re se t -ferth in the depend e n t claim s*. 

^In the following, the invention will be described in greater detail with reference to 
the accompanying drawing, in which 

Fig ure 1 is a flow chart of a method according to a preferred embodiment of the 
15 invention for selecting the operating frequencies of the internal network, 



P § Figure 2 is a block diagram of an arrangement according to a preferred 

embodiment of the invention, 



Ml 



fU 



Figure 3 shows an example of a measurement route for measuring the interfering 
4 4 frequencies, 

20 Figur e 4^ shows a saving form of the measurement results according to a preferred 
embodiment of the invention, and 

Figuze^5_ is a flow chart of a method according to a preferred embodiment of the 
invention for finding the most suitable operating frequencies of the 
internal network. 



9^* 



figures 1A and IB show a divided flow chart of a method according to the 
invention for changing earlier determined operating frequencies of the internal 
network on the basis of the operating frequencies of the base stations of the external 
network and earlier measurement information. 



Figure 1 A illustrates the following. In the network control system, the results of the 
30 earlier measurement of the interfering frequency spectrum are preferably saved as 
grouped according to the base stations of the internal network 1. 



AMENDED SHEET 

CMDCAM/^C7CIT 1 1 CCP Q . Q ft A IIC h P I IT '/ Q 7 v I T 17 C C P Q.QQ 



09:Z8 MI5TA-BERGGREN OY AB +358-8-6933844 K-590 S. 006/010 T-wn 



2001 




FI0000657 



It is examined with the network control system if there are changes in the external 
network 2, which have not been handled with regard to the internal network. If there 
are changes that have not been handled, it is examined if the frequency used in the 
internal network has been taken into use in ihe external network 3. If the frequency 
5 taken into use in the base station of the external network is not in use in the internal 
network, the process returns to step 2 to examine if there are still changes of the 
external network, which have not yet been handled. Correspondingly, if it is found 
out in step 3 that the frequency taken into use in a base station of the external 
network is in use in the internal network, the process moves to examine if che base 

10 station being changed is the new base station installed now 4, which did not exist 
earlier in the surrounding cellular radio network. If the base station is new and 
possibly at an interfering distance, which can be discovered when the radio network 
is being planned, as a precaution the base station of the internal network, the 
frequency of which is used by the new base station of the external network, is 

15 changed to an interference-free frequency on the basis of an earlier measurement 
and changes of the external network 6. If the base station of the external network is 
not new and interferes with the internal network on the basis of an earlier 
measurement 5, the base station of the internal network, the frequency of which is 
used by a base station of the external network, is changed to an interference-free 

20 frequency on the basis of an earlier measurement and changes of the external 
network 6. If the base station of the external network is not new and has not been 
interfering before, the process returns to step 2 to examine if there are still changes 
of the external network left, which have not been handled yet. If there are no 
unhandled changes of the external network left 2, the process is stopped- It is clear 

25 to a person skilled in the art that in steps 3 to 5 of the method described above it is 
generally examined if a frequency used in a base station of the internal network has 
been taken into use in the external network, as a result of which an interference-free 
frequency is changed to the base station of the internal network on the basis of the 
earlier measurement and the frequencies of the external network, when required. 

30 From Fig. IB it is seen how an interference-free frequency or a frequency which 
was originally interference-free and which has not been abandoned in the internal 
network because of frequency changes of the external network is selected on the 
basis of an earlier measurement and changes of the external network. In the first 
step, a first frequency is selected from the frequency range reserved for the internal 

35 network 7, which first frequency is not being used by such a base station of che 
internal network, which could cause interference to the base station for which a new 
interference-free frequency is being selected. In the next step it is examined if the 
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frequency was interference-free on the basis of an earlier measurement 8. If the 
frequency is interference-free on die basis of the measurement, it is examined if the 
frequency has remained interference-free from the changes of the external network 
9, and if it has, the selected frequency is taken into use 10. If the frequency was not 
interference-free in the measurement, it can be examined if the frequency has 
become interference-free from the changes of the external network 1 1 and it can be 
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taken into use 10. If an earlier interference-free frequency has not remained such or 
a frequency which had interference earlier has not become interference-free, the 
next frequency, which is not being used by such a base station of the internal 
network, which could cause interference to the base station for which a new 
interference-free frequency is being selected, is selected from the frequency range 
of the internal network 12. 

Fig. 2 is a block diagram of an arrangement according to the invention for 
redetermining the operating frequencies of base stations of the internal network, 
which have earlier been determined by frequency measurement, when the operating 
frequency of the base stations of the external network has been changed. The 
arrangement comprises a processor unit 13, which includes at least a processor A, a 
oscillator B for stepping the processor and a memory C, a display device 14, a data 
input device, such as a keyboard 15, a first database 16 for saving the measurement 
data of an earlier measurement and a second database 17 for saving the operating 
frequencies of the base stations of the external network. The processor 13 
determines the new operating frequencies of the base stations of the internal 
network on the basis of input data, such as commands given from the keyboard 15, 
the information of the first database 16 and the second database 17 according to the 
flow charts of Figures 1A, IB, for example. 

The databases 16, 17 can also be saved in a separate storage element, such as the 
database of the control system of the mobile communication network. The 
operational blocks 13, 14, 15, 16, 17 shown in Fig. 2 can be placed alternatively in 
one or more separate computer devices. Suitable computer devices are a portable 
computer and a mobile station with multiple functions, for example. 

Fig. 3 shows a map of a measuring route for measuring the interference levels 
indoors. A base station 19 of an internal network is situated in a room 18. The 
measurement is performed by circulating the base station 19 in the room 18, for 
example, along a route shown by the broken line 20, which goes to the comers of 
the room 18 and also close to the base station 19 in order to perform the interference 
measurement as comprehensively as possible. 

Fig. 4 shows, by way of example, a saving form of measurement results, which 
contains the following information: frequency and interference level and if possible, 
the Base Station Identification Code (BSIC) and Base Transceiver Station 
Identification (BTS_ED) of the base station of the external network, which produces 
the radio transmission. The base station identification code typically consists of the 
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In addition to this, the suitability of the channel is estimated by measuring the 
strength of the adjacent channels so that in addition to measuring if the limit of the 
C/I ratio, 12 dB, has been reached, the strength of the adjacent channels is also 
measured for all the samples. The strength must not exceed by more than a certain 
5 limit in either channel the signal strength of the broadcast control channel, on which 
a signal is transmitted for measurement, step 28. The adjacent channel is generally 
allowed by be stronger by 9 dB at the most, because then the channels can be 
separated with the frequency accuracy of transmission and reception. If there is a 
stronger radio transmission on the adjacent channel, it is heard on the actual channel 
10 in spite of the channel separation 29. When all the criteria examined in steps 23, 26, 
28, are met, the frequency is suitable 30. - 



At the end of all the measures, the measurement data are saved in a special file e.g. 
in the following manner. 



BCCH 


BSIC 


C/I limit 


Audibilitv limit 


90% audibilitv limit 


52 


2 


12 dB 


-87 dBm 


-77 dBm | 




Portion exceeding the limit 


Portion exceeding the limit 


100% 


100% 



Table 1 



j [j 15 Table 1 shows the number 52 of the broadcast control channel (BCCH) used for 
fy transmission and the base station identification code (BSIC) 2, the limit of an 
acceptable C/I ratio, 12 dB, absolute audibility limit -87 dBm, the audibility limit 
-77 dBm required of 90% of the samples, and next the relative proportions that 
exceed the audibility limits, here 100%. 
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BCCH 


BSIC 


Average C/I 


Acceptable samples 


74 


2 


3.5 dB 


17.4% 


76 


2 


9.1 dB 


34.8% 


68 


4 


15.8 dB 


60.9% 


49 


5 


17.0 dB 


63.0% 


25 


2 


23.7 dB 


76.1% 


65 


1 


30.7 dB 


82.6% 


30 


1 


30.5 dB 


82.6% 


39 


6 


28.9 dB 


84.8% 


72 


3 


27.0 dB 


"87.0% 


26 


3 


34.7 dB 


91.3% 


62 


5 


33.2 (Id 


OC CO/ 

95.6% 


35 


5 


49.5 dB 


97.8% 


41 


5 


40.7 dB 


97.8% 


21 


5 


40.7 dB 


100.0% 


51 


3 


21.9 dB 


100.0% 


46 


1 


34.7 dB 


100.0% 


36 


5 


43.5 dB 


100.0% 



Table 2 



Table 2 shows the number of the channel (BCCH) being listened to and the Base 
Station Identification Code (BSIC), average C/I ratio and a portion of samples of the 
5 measurement acceptable for the interference limit, in which C/I > 12 dB. 

The table can also be complemented by a column to indicate the interference caused 
by adjacent channels to each channel. Advantageously it can also indicate which 
channel causes interference to a certain channel. 

The table is also used to establish the order of suitability of the operating 
10 frequencies. 

Let us discuss as an example the addition of a base station to the external network 
and the introduction of a new frequency in the new base station to be added. For the 
internal network the frequency spectrum is measured at first, whereby at least the 
interference levels at different frequencies of the frequency range are determined, 
15 but also the identifier of the cell transmitting the signal, if the identifier can be 
received correctly. Later, the base station is added to the external network and a 
new frequency plan is loaded. The old and the new frequency plan are used together 
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with the measurement data of the frequency spectrum to establish whether a 
frequency used by the internal network has been taken into use in a base station of 
an external cell in the vicinity, whereby a new frequency has to be changed for the 
base station of the internal network. The frequency is selected from a table formed 
5 on the basis of the frequency plans of the external network and the frequency 
spectrum measured before the change. However, it is not always possible to know 
for certain from which base station the earlier interference came, especially if the 
identification information of the cells corresponding to the interference are not 
available. However, the base station which is the most likely to produce a certain 
10 radio transmission can be concluded on the basis of a chart of the external network, 
if a chart indicating the location of the base stations is available. 



It should also be noted that the measurement of the frequency spectrum of the area 
of the internal network can be limited to the frequency range used by the internal 
i y network, and the frequency range used by die whole system need not be measured. 

|! * 15 Measurement can be done quicker because of this. The measuring device can be a 
U mobile station equipped with special programs, for example. 



In this connection, an interfering transmission means a radio signal transmitted by a 
base station of the external network, which is audible in the area of the internal 
network. 
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J;3 20 The invention is not limited merely to the above examples of application, but many 
modifications thereof are possible within the scope of the inventive idea defined by 
the attached claims. Especially it is to be noted that the invention can also be 
applied in other systems than the GSM system mentioned above. An example of 
other systems is the Universal Mobile Telecommunications System (UMTS^ 




